Exclusive decays of the Higgs boson to a pseudoscalar quarkonium and a pair of leptons, h → η c,b + − are rare and can be substantially enhanced in a scenario which includes a light CP-odd Higgs A (m A m h ) which makes them experimentally appealing. We illustrate that feature in two Higgs doublet models (2HDM) and show that B(h → η c,b τ + τ − ) can be an order of magnitude larger than in the Standard Model, i.e. O(10 −6 ÷ 10 −5 ).
Introduction
Studies of the Higgs boson decaying to a quarkonium were so far limited to the extraction of the Yukawa coupling from the radiative decay h → J/ψγ, or from h → η c Z, J/ψZ, as well as to the search of lepton flavour violation via h → J/ψ 1 2 [1] . In various forms of two-Higgs doublet models (2HDM) the CP-odd Higgs state is often assumed to be heavier than the CP-even one, m A > m h , i.e. the one observed at LHC. That assumption, however, needs to be tested experimentally. Here we propose a study of the rare decay B(h → η c,b + − ), where η c,b stands for the pseudoscalar cc or bb quarkonium, as a promising mode to probe the light pseudoscalar Higgs state because the branching fraction of this decay mode can be enhanced by an order of magnitude if m A < m h [2] .
Decay rate in the Standard Model and in 2HDM
In the Standard Model the dominant contribution to h → P + − (P = η c or η b ) comes from the diagram shown in Fig. 1c and reads, 
where we used the standard notation with g f A = T 3 q and with
The values of the decay constants are known from lattice QCD, namely f η c = 391 ± 4 MeV and f η b = 667 ± 7 MeV [3] . The full expression, which includes all contributions depicted in Fig. 1 can be found in Ref. [2] which contains a full list of references. In the 2HDM, besides the diagrams shown in Fig. 1 , one also has to deal with the ones depicted in Fig. 2 , of which the first two are numerically much less significant than the remaining three:
Contributions to the h → P + − decay amplitude in a 2HDM scenario.
where v is the Standard Model vev, λ hAA is the trilinear coupling defined in [2] , while ξ q A is a coupling of the qq-pair to the CP-odd Higgs state,
, the values of which depend on the type of 2HDM and are given in Tab. 1. We checked that, to a very good approximation,
where for the two pieces we obtained [with λ Z,A ≡ λ (m h , m P , m Z,A )], 
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Results and Conclusion
After making a full scan of the 2HDM as explained in Ref. [2] , with an emphasis on m A < m h , we studied 1) and found that for the muons in the final state that ratio is always R µ µ η cb ∈ (0.7, 1.1), the only exception being the Type-2 2HDM in which this enhancement can go up to 30%. Instead, in the case of τ-leptons in the final state the enhancement can go up to an order of magnitude. More specifically, we obtain in Type I and Type X models arises from the fact that the Yukawa couplings of the charm and bottom quarks to the CP-odd Higgs are equal in these two models.
